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Abstract 
One of the goals of any educational system should be fostering creative persons. Creativity is a dynamic property of the human 
mind that can be enhanced and should be valued. It can be either strengthened or deteriorated. Therefore, it is important to study 
creativity and determine its characteristics. Nature of mathematics provides a suitable platform for developing creativity. 
Through studying the contemporary literature, this paper makes an effort to gain an insight into the nature of mathematical 
creativity with an emphasis on learning environments to foster it not only within school situations but also colleges. 
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1. Introduction 
Creativity is traditionally supposed to attribute to art and literature, but nowadays doing meaningful science has 
also been considered as a creative act. In areas of art and literature, it is generally enough to create an extraordinary 
and novel work, but a creative scientific idea needs not only to be novel but also useful (Neumann, 2007 
Technological advances in today society has been owed to creativity of scientists and mathematicians. The critical 
role of these creative mathematicians, who have been able to create new mathematical insights and ideas, is so much 
apparent that there is no need to be emphasized. However, study of processes of their creative thinking is valuable. 
 
Several definitions for mathematical creativity have been cited in the literature. The majority of the existing 
definitions of mathematical creativity are vague or elusive, and there is not a specific conventional definition of 
mathematical creativity (Mann, 2005; Sriraman, 2005, Haylock, 1987). Through studying the contemporary 
literature, this paper makes effort to gain an insight into the nature of creativity emphasizing learning environments 
in order to foster mathematical creativity. 
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2. Mathematical  Creativity  
Due to difficulty of describing structure of mathematical creativity and its characteristics, defining mathematical 
creativity is a challenging task. There is not a specific conventional definition of mathematical creativity. 
Mathematical creativity is often considered as the exclusive domain of professional mathematicians (Sriraman , 
2005). The French mathematician Henri Poincaré (1948, 1956) believed that discovery in mathematics is 
combination of ideas and stated that there are a lot of these combinations but a few of them are useful. In process of 
finding these useful combinations, a great number of combinations are constructed and then meaningful 
combinations are distinguished from meaningless ones. In the other words, creating could be defined as forming, 
recognizing and choosing important and useful combinations. Also Boden (2004) states that combining familiar 
ideas in unfamiliar manners can also be considered a creative work. Rather similar to these, Ervynck (1991) asserts 
that creating useful mathematical concepts through combining previously known concepts or discovering unknown 
relations between mathematical facts can be considered as a creative act of doing mathematics. Also, he emphasizes 
that creativity in mathematics plays a key role in the full cycle of advanced mathematical thinking, which helps 
plausible conjectures to be made in order to develop mathematical theories and generates new mathematical 
knowledge. Chamberlin and Moon (2005) consider divergent thinking as one of prevalent descriptors of 
mathematical creativity. Laycock (1970) described mathematical creativity as an ability to analyze a given problem 
from different perspective, see patterns, differences and similarities, generate multiple ideas and choose a proper 
method to deal with unfamiliar mathematical situations (cited in Idris & Nor, 2010). 
 
Sriraman (2004, 2005) asks: Could student‘s discovery of a hitherto known result also be considered a creative 
work? According to Beghetto and Kaufman (2009), the traditional views of creativity would answer ‗‗no‘‘. But 
Sriraman (2004) believes that creativity is not only associated to just the original work of mathematicians but also 
discovering something not already known by one, even if the result is hitherto known to others. This opinion is 
consistent with the view of Hadamard (1945) that stated: 
Between the work of the student who tries to solve a problem in geometry or algebra and a work of 
inventor, one can say that there is only a difference of degree, a difference of level, and both works being of 
a similar nature (p. 104). 
 
Because defining creativity just based on originality and usefulness is not practical for the identification and 
development of the creative thinking in students, some researchers have made distinction between definition of 
mathematical creativity at the professional level and the school levels (Shriki, 2010). At the school levels, "one 
normally does not expect works of extraordinary creativity; however, it is certainly feasible for students to offer new 
insights into a math problem" (Sriraman, 2005, p. 23; Liljedahl& Sriraman, 2006). In this regards, in a conversation 
about the notion of mathematical creativity (Liljedahl & Sriraman, 2006), Sriraman proposed that at the professional 
level mathematical creativity can be defined as: 
1. [T]he ability to produce original work that significantly extends the body of knowledge (which could also 
include significant syntheses and extensions of known ideas) 
2. [The ability to open] up avenues of new questions for other mathematicians (p. 18).  
And at the school levels as:  
3. [T]he process that results in unusual (novel) and/or insightful solution(s) to a given problem or analogous 
problems, and/or 
4. [T]he formulation of new questions and/or possibilities that allow an old problem to be regarded from a 
new angle(p. 19). 
 
According to Sriraman's definition, at the school levels, some researchers believe that creativity in mathematics is 
generally associated with problem solving or problem posing (e.g., Chamberlin& Moon, 2005; Silver, 1997; 
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Sriraman, 2004; Liljedahl  & Sriraman, 2006; Ellwood et al., 2009; Posamentier, Smith & Stepelman, 2010; 
Haylock,1987). Also, there is a great overlap between the literature on creativity and that on problem-solving 
(Ellwood et al., 2009). Plucker, Beghetto and Dow (2004) consider creativity as an important component of problem 
solving. Chamberlin and Moon (2005) define creativity in mathematics as an unusual ability to generate novel and 
useful solutions to simulated or real applied problems using mathematical modeling. Posamentier, Smith and 
Stepelman, (2010) believed that ―solving a problem is like inventing something new‖ (p. 121). Thus students should 
be engaged in challenging problems and experience this aspect of creative problem solving. Leikin (2009) defines 
mathematical creativity as a dynamic property of the human mind that can be improved and appreciated, or on the 
contrary, deprived. 
3. Mathematical creativity and learning mathematics 
Considering above mentioned, it seems that one of the important tasks of mathematics educators is to take into 
account the development of mathematical creativity. Ervynck (1991) considers three stages for development of 
mathematical creativity. Firstly, ―preliminary technical stage‖ (p. 42): this stage consists of applications of practical 
or technical procedures in mathematics without person knowing what mathematics supports them. In other word, the 
user is not aware of why it works empirically. One may have seen bricklayers who use a plummet for constructing a 
wall through experiencing this process but they do not know the mathematics behind it. This preliminary stage is 
part of modern mathematical teaching-learning theories. Secondly, ―algorithmic activity stage‖ (p. 43): this is the 
stage in which procedures in mathematics are applied to perform mathematical techniques. For instance, the 
concepts of group, ring, etc. are concepts in mind of algebraists which are "interiorized" so that they use them 
without reflecting on them. In other word, each of these concepts is "encapsulated2" as an object in mind. Last stage, 
―creative activity‖ (p. 43): in this stage, the person makes a non-algorithmic decision. That is, the decision which 
could not be made with algorithmic procedures. This decision is in a manner which seems to signify an underlying 
sprout of concept formation. 
 
Furthermore, Chamberlin and Moon (2005) state that mathematical creativity is observed when one generates a 
nonstandard solution for a problem which may not be solved by using a standard method. Ervynck (1991) considers 
solving an old problem in a new way as an example of creative mathematical activity and exemplifies solutions of a 
word problem of the real life at three various levels of mathematical creativity. At the first two levels, solutions to 
the problem are usual and predictable, whereas at the third level, one is utilizing a much more sophisticated 
approach for solving the problem based on experience, intuition, perception, insight  and several plausible guesses 
embedded in the intrinsic structure of the problem.  At this level, some known information in the problem may not 
be used by one, but many plausible and reasonable assumptions embedded implicitly in the problem are considered, 
which could lead to an unusual and novel method at a high level of mathematical creativity. For instance, consider 
the following problem: 
“A man was a child for one sixth, a young man for one twelfth and a bachelor for one seventh of his life. His son 
was born five years after his marriage and died four years earlier than his father. The lifetime of the son was half of 
the lifetime of the father. How old was the father when he died?‖ (Ervynck, 1991, p. 44). 
 
 
2
 - ―From a philosophical point of view, Piaget was applying the idea of encapsulation to the relativity between form and content when he 
referred to ―...building new forms that bear on previous forms and include them as contents― and ―reflective abstractions that draw from more 
elementary forms the elements used to construct new forms― (Dubinsky, 1991,  p. 101). 
  
288  Mehdi Nadjafikhah et al. / Procedia - Social and Behavioral Sciences 31 (2012) 285 – 291 Mehdi Nadjafikhah, Narges Yaftian, Shahrnaz Bakhshalizadeh/ Procedia – Social and Behavioral Sciences 00 (2011) 000–000  
Although there are usual solutions of the problem such as using a system of linear equations or using a time axis3, 
other solution can be considered based on hypotheses which are not explicitly stated in the problem. Some of 
embedded plausible assumptions in this problem that could be identified are: i) the age generally considered a 
positive integer between 0 and 100 ii) periods in the life   
 
 ,  
  
 ,  
 
 are likely to be whole numbers iii) the numbers 6, 
12, 7 have only one common multiple in the interval of 0 to 100. Thus 84 is the solution. 
 
Students should be provided plenty opportunities in the mathematics classrooms to think and work as a novice 
mathematician. In spite of the fact that professional mathematicians are frequently engaged in problems that are full 
of vagueness and uncertainty, the majority of curricula and educational approaches ignore this open-ended view in 
the mathematics classroom and do not employ ill-posed or open ended problems, and therefore avoid to give 
students opportunities to engage in these types of problems independently for a prolonged period of time (Sriraman, 
2005). That means students should be taken ample opportunities to engage in struggling to solve, challenging 
mathematics problems and tasks which could lead them to experience mathematical creative activities. In this 
regards, Haylock (1987) states: 
It seems likely that there is something about the way the subject of mathematics is taught and assessed in 
schools which encourages children to think in narrow domains, to rely on routine processes and algorithms 
and to think in a predominantly convergent way about mathematical problems; whereas opportunities and 
encouragement to break from the stereotype, to overcome fixations in thinking, to show less than rigid 
adherence to successful routines, or to think flexibly and divergently, qualities of mathematical thinking 
which might justify the description 'creative', are sadly neglected(pp. 59,60). 
 
Several researchers assert that recognizing and or posing the problem is the most essential aspect of creative 
problem solving (Kim, 2009).  Brinkmann (2004) believes that if we want to bring mathematical beauty within 
students‘ experiences, we require utilizing mathematical problems which not only are apparently simple but also 
have a certain complexity so that one experiences the aesthetic feeling of discovering in mathematics. In this 
regards, in their studies, Peressini and Knuth (2000) make use of mathematically rich tasks for enriching students‘ 
mathematical experiences and suggest a number of criteria which are required for such tasks: ―encourage a range of 
approaches to obtain solution, address significant mathematical concepts, require students to justify their 
explanations, and provide them problems / tasks that are open ended‖ (p.392). These tasks are similar to multiple-
solution tasks (MST) considered by Leikin (2009). A MST is a mathematical problem which could be solved in 
different ways. Solutions to a certain problem are considered to be different if they are based on: ―different 
representations of some mathematical concepts involved in the task, different properties (definitions or theorems) of 
mathematical objects4 within a particular field, or different properties of a mathematical object in different fields‖ 
(Leikin, 2009, p.133). 
 
The open-ended nature of such tasks would require avoiding emphasis on just algorithms, rules and procedures 
such that students would experience the problems with various correct answers, look at a problem in different ways 
and find elegant solutions to the problem. Albert Einstein is reputed to have said that it is not hard to find solutions 
to problems—the difficult part is finding solutions that are elegant. Experiences with open-ended problems also 
provide students opportunities to reveal their conceptual understanding (Mann, 2006). Also this type of problems is 
very likely to be of great help to students to reflect on the problem and build new insights into the processes that 
have led mathematicians to generate their ideas. 
 
3 - Refer to (Ervynck, 1991, pp. 44, 45) for further study these two solutions. 
4
 - Abstract objects  in mathematics such as numbers, sets,  and functions are considered  mathematical objects (Tall, 1991). 
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4. The effective components of fostering mathematical creativity in learning environments 
Researches on the nature of creativity indicate that fostering creativity depends powerfully on the learning 
environments (Kaufman & Sternberg, 2006). It is generally agreed that teachers are one of the effective components 
in learning environments in order to foster mathematical creativity not only within school but also at the tertiary 
levels of education. Haylock (1987) proposed that there is a vital need for mathematics teachers to identify, 
encourage and improve creative mathematical ability at all levels. Now, one should explore to what extent teachers 
are aware of designing and implementing learning environments that support fostering mathematical creativity. 
Several studies indicate this reality that teachers in general and mathematics teachers exclusively have a tendency to 
teach in the manner that they were taught at school (Shriki, 2010). Also, Sinitsky(2008) states that the experiences 
of creative mathematics of the teachers themselves play a vital role in self-convincing to introduce creative 
mathematical activities for development of mathematical thinking. On the other hand, so often teachers have 
forgotten the significance of the struggle for solving a challenging problem that they might have confronted when 
they were as learners in the school (Sinitsky, 2008). 
 
Thus, it is necessary to pay deeper attention to train teachers especially improving teachers' ability to design and 
implement educational environments that promote creativity in mathematics. In such environments seeing a problem 
from different aspects is not only not rejected but also alternative ideas are appreciated. Teachers should guide 
students through asking suitable questions so they acquire enough experiences for constructing mathematics 
concepts and ideas on their own and give them opportunity to reflect on them and their relations for the purpose of 
emerging a new idea for solving the problem. In order to do mathematics and think as mathematicians, students 
should be given opportunities to learn to search, explore, make conjectures, hypothesize, examine, refute, adapt 
strategies, devise plans, conclude, reason and justify their conclusions and reflect on them, monitor,  and experience 
the processes that mathematicians have gone through. Thus, teachers should adapt teaching approaches that 
acknowledge students‘ potential for generating multiple solutions to a given problem rather than to emphasize just 
on following algorithms, rules and procedures for finding a single correct answer to the problem without considering 
the essence of mathematics. "[T]he essence of mathematics is not just producing correct answers, but thinking 
creatively" (Ginsburg, 1996, p. 185). In this way, teachers should not stress on just procedures, rapidity and 
precision for solving a problem, but try to provide a secure atmosphere so that students can go beyond known truth 
and provide opportunities for flow of thoughts. Also these teachers help students to discover mathematical 
knowledge and apply them in new problem situations in order to generate insightful solutions to the problem. 
Teachers, whose approaches are based on guiding students to think creatively and flexibly about mathematical ideas, 
establish classroom environments in which students have shared their insights and ideas. In such environments, 
teachers do not tell students the solution, instead, through offering some necessary hints which are of great help to 
students help them to engage in challenging problem solving situations and reflect on their own ideas in order to 
gain a new insight into the problem. This way, students are encouraged to take risks, make mistakes and have 
chance to investigate alternative pathways. Planning and implementing such learning environments would lead to 
the development of creativity in mathematics. In reality, nevertheless, not paying attention to such learning 
environments is a truth that should be clarified by formal structure of school education (Hong & Milgram, 2008). 
 
One of the characteristics of effective environments for fostering mathematical creativity is the interactive 
environment (Neumann, 2007). Although a new idea usually is attributed to the creator of that idea, it is result of 
interaction with others and pervious experiences of people who worked on this idea. For instance, the Poincaré 
Conjecture5 that mathematicians made effort to prove it for almost one century and lastly in 2003, after 99 years, it 
 
5
 - This conjecture is: ―every 3-manifold with trivial fundamental group is homeomorphic to the 3-sphere‖ (Thurston, 1982, p.358). 
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was proved by Russian mathematician Grigory Perelman. We dare say that Perelman‘s proof was the result of about 
100 years creative attempts of group of mathematicians and their proofs which consisted flaws and deficiencies. 
After studying creative people‘ thinking processes such as Einstein, this reality was exposed that many of their 
creative insights relied on cooperation, collaboration and social support (John-Steiner, 2000). Sawyer (2007) 
expresses that collaboration is as a secret key to creative breakthroughs. Furthermore, Sriraman (2004) conducted a 
qualitative study involving five creative professional mathematicians about the processes used during doing 
mathematics in order to explore how mathematicians create mathematics. The results indicated that all of the 
mathematicians in this study appreciated the interaction they had with their graduate students and also all of them 
valued the role of social interaction in general as a major aspect that can stimulate their creative mathematical 
activities. For instance, many of these mathematicians stated the benefits of getting in touch with their colleagues 
through e-mail and going to related conferences and meetings. Also Neumann (2007) conducted a study to find the 
best conditions in a research organization in order to enhance the creativity of its scientific staff and concluded that 
an interactive environment is a vital component for enhancing creativity. To answer the question that what kind of 
interactions are best for creativity, he states that if one just consults persons who want rock-solid data and all 
proven, then it will not lead to generate a flow of ideas. But talking with qualified people and exchanging of ideas 
cause to flash more new idea. 
5. Conclusion 
One of the goals of any educational system should be fostering creative people who are able to develop academic 
domains or make appropriate choices and decisions in unexpected situations. Creativity is a dynamic property of the 
human mind that can be improved and should be appreciated. It is important to study creativity and determine its 
characteristics. Since nature of mathematics makes it appropriate to be used as a scaffold for fostering creativity, 
creativity should be evident in the mathematical activities. Therefore, one of the important tasks of mathematics 
educators is to identify and develop mathematical creativity. 
 
According to some of definitions, a creative act in mathematics could consist of: creating a new fruitful 
mathematical concept; discovering an unknown relation; and reorganizing the structure of a mathematical theory. 
Mathematical creativity is not only related to the novel work of mathematicians but also discovering something not 
already known by one even if the result is hitherto known to others. 
 
At the school level, creativity in mathematics is generally related to problem solving and or problem posing. 
Students should be provided opportunities to engage in struggling to solve mathematics problems which are ill-
posed or open ended. Solving such challenging mathematics problems could lead students to experience creativity in 
doing mathematics and also try to think as a mathematician, which means that students are encouraged to reflect on 
their own ideas. For this purpose, it is necessary to improve teachers' ability to plan and implement educational 
environments that provide a secure atmosphere that students are encouraged to take risks, make mistakes and 
interact with others and share their points of view. 
Empirical studies are strongly recommended to discover creative environments which foster mathematical 
learning at levels of schooling. Only creative teachers can train creative students. Therefore, training teachers and 
making them aware of characteristics of creative thinking and environments is one of the necessities that one should 
consider. Hence, researches in that area is fundamental. 
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